The ternary antimonides RE 4 T 7 Sb 6 (RE = Gd-Lu; T = Ru, Rh) have been synthesized from the elements by arc-melting and subsequent annealing in an induction furnace. The samples have been characterized by powder X-ray diffraction. Four structures were refined on the basis of single-crystal X-ray diffractometer data: U 4 Re 7 Si 6 type, space group Im3m with a = 862.9 (2) 
Introduction
The discovery of superconductivity in potassiumdoped BaFe 2 As 2 with a maximum T C of 38 K [1, 2] led to a true renaissance of research in the field of pnictides with BaAl 4 -related structures [3, 4] . Besides diverse ternary ordering variants [5] , many solid solutions RE 1−x RE x T 2 X 2 and RET 2−x T x X 2 (RE = rare earth element; T = transition metal; X = element of the 3 rd , 4 th , or 5 th main group) have been studied [6, 7] . Especially in the case of cerium compounds the solid solutions La 1−x Ce x T 2 X 2 have been investigated with respect to cerium magnetism. The solid solutions RET 2−x T x X 2 allow for a variation of the valence electron concentration and thus a change in the magnetic properties.
Many BaAl 4 -related structures show formation of distinct vacancies RET 2−x X 2 or RET 2 X 2−x to release structural strain. In many cases only the subcell structures have been reported, and precise reinvestigations have shown the formation of ordered superstructures, such as Ce 3 Pd 6 Sb 5 ≡ CePd 2 Sb 1.66 [8, 9] , Dy 3 Co 6 Sn 5 ≡ DyCo 2 Sn 1.66 [10] , Eu 2 Au 2 Sn 5 ≡ EuAuSn 2.5 [5] , Yb 3 Au 5.5 Ga 5.5 ≡ YbAu 1.83 Ga 1.83 [11] , Yb 5 Cu 11 Sn 8 ≡ YbCu 2.20 Sn 1.60 [12] , or Ce 8 Rh 17 Sb 14 ≡ CeRh 2.13 Sb 1.75 [13] .
Some unique compounds with composition close to 1-2-2 have been reported, however, with distinctly different structures. In Ca 4 Ir 8 P 7 ≡ CaIr 2 P 1.75 [14] and La 4 Rh 8 P 9 ≡ LaRh 2 P 2.25 [15] only parts of the structure resemble the ThCr 2 Si 2 respectively CaBe 2 Ge 2 types (ordered BaAl 4 versions). This is different for the larger family of U 4 Re 7 Si 6 ≡ URe 1.75 Si 1.50 compounds which display completely different crystal chemistry. Instead of the tetrahedral transition metal coordination in the ThCr 2 Si 2 phases one observes octahedral besides tetrahedral coordination in the U 4 Re 7 Si 6 -type structure. In the course of our systematic studies of structure-property relationships of ternary antimonides with BaAl 4 -related structures [9, 13, 16, 17] we obtained the series of cubic antimonides RE 4 Ru 7 Sb 6 (RE = Tb-Lu) and RE 4 Rh 7 Sb 6 (RE = Gd-Lu) with U 4 Re 7 Si 6 -type structure. The structure and properties of these phases are reported herein.
Experimental

Synthesis
Starting materials for the syntheses of the RE 4 Ru 7 Sb 6 and RE 4 Rh 7 Sb 6 samples were sublimed rare earth pieces (Smart elements or Johnson Matthey), ruthenium and rhodium powder (Heraeus or Allgemeine Pforzheim), and antimony lumps (Johnson Matthey), all with stated purities better than 99.9 %. Polycrystalline samples are available directly via arc-melting [18] of the elements (pieces of the rare earth metal, a cold-pressed pellet of ruthenium (rhodium) and pieces of the antimony lumps) under an argon atmosphere of ca. 700 mbar. The argon was purified over titanium sponge (900 K), silica gel, and molecular sieves. The product buttons were remelted three times to ensure homogeneity. The total weight losses after the melting procedure were always smaller than 0.5 %. The buttons were subsequently sealed in evacuated quartz tubes and annealed in a water-cooled sample chamber of an induction furnace (Hüttinger Elektronik, Freiburg, type TIG 1.5/300) [19] a Data from ref. [22] ; b data from ref. [26] pressure mode with a Zeiss EVO ® MA10 scanning electron microscope with the rare earth trifluorides, Ru, Rh, and Sb as standards. The experimentally observed average compositions were close to the ideal ones. No impurity elements were detected.
X-Ray diffraction
The polycrystalline RE 4 Ru 7 Sb 6 and RE 4 Rh 7 Sb 6 samples were characterized by Guinier patterns (imaging plate detector, Fujifilm BAS-1800) with CuK α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The cubic lattice parameters (Table 1) were refined by a standard least-squares routine. To ensure correct indexing, we compared the experimental patterns with calculated ones [20] .
Suitable singe crystals were selected from the crushed Er 4 Ru 7 Sb 6 , Yb 4 Ru 7 Sb 6 , Tb 4 Rh 7 Sb 6 , and Er 4 Rh 7 Sb 6 samples, glued to thin quartz fibers using beeswax and studied on a Buerger camera (using white Mo radiation) to check their quality. The data sets were measured on a Stoe IPDS-II image plate system (graphite-monochromatized MoK α radiation; λ = 71.073 pm) in oscillation mode. Numerical absorption corrections were applied to the data sets. Details about the data collections and the crystallographic parameters are summarized in Table 2 .
Structure refinements
The four data sets showed body-centred cubic lattices and no further systematic extinctions in agreement with our previous work on Yb 4 Rh 7 Ge 6 [21] and Yb 4 Rh 7 Sb 6 [22] . The atomic parameters of the antimonide were taken as starting values, and the structures were refined with anisotropic displacement parameters for all atoms using SHELXL-97 (fullmatrix least-squares on F 2 o ) [23, 24] . To check for deviations from the ideal compositions, the occupancy parameters were refined in separate series of least-squares cycles for all data sets. The sites were fully occupied within two standard deviations. The final difference Fourier synthesis revealed no residual peaks. The refined atomic positions, equivalent isotropic displacement parameters, and interatomic distances are given in Tables 3 and 4 .
Further 
Physical property measurements
Magnetic measurements were performed in the temperature range of 2.5 -300 K using a Quantum Design Physical- Property-Measurement-System with magnetic flux densities up to 80 kOe (1 kOe = 7.96 × 10 4 A m −1 ). All measurements were carried out using the VSM option by packing the sample in kapton foil and attaching it to a brass sample holder. Heat capacity measurements were conducted in the temperature range of 2 -300 K with samples being affixed to the pre-calibrated heat capacity puck using Apiezon N grease.
Discussion
Crystal chemistry
The antimonides RE 4 Ru 7 Sb 6 (RE = Tb-Lu) and RE 4 Rh 7 Sb 6 (RE = Gd-Tm, Lu) are 14 new mem-bers with the cubic U 4 Re 7 Si 6 -type structure [25] . The intermediate-valent ytterbium compound Yb 4 Rh 7 Sb 6 has been reported earlier [22, 26] . So far, more than 50 silicides, germanides, and germanide gallides [21, 27 -41] with this cubic structure type have been reported. Especially the uranium-containing phases were studied in detail with respect to the magnetic ground state of uranium, e. g. the 25 K antiferromagnet U 4 Tc 7 Si 6 [37] As an example we discuss the Er 4 Ru 7 Sb 6 structure herein. A view of this structure approximately along Fig. 1 (color online) . The crystal structure of Er 4 Ru 7 Sb 6 . Erbium, ruthenium and antimony atoms are drawn as medium grey, black filled and open circles, respectively. The condensation pattern of Ru1@Sb 6 octahedra and Er@Ru2 6 Sb 6 cuboctahedra is emphasized.
the c axis is given in Fig. 1 . The shortest interatomic distances in the Er 4 Ru 7 Sb 6 structure occur between the ruthenium and antimony atoms, i. e. 271 pm Ru1-Sb and 270 pm Ru2-Sb, only slightly longer than the sum of the covalent radii of 265 pm [44] . The Ru1 atoms have six antimony neighbors in octahedral coordination while the Ru2 atoms have only four closer antimony atoms in strongly flattened tetrahedral coordination. The octahedral building units are similar to those in the skutterudites SrRu 4 Sb 12 (262 pm Ru-Sb) and BaRu 4 Sb 12 (263 pm Ru-Sb) [45] .
Usually, the 4-7-6 structures have been described by a condensation of the octahedral and flattened tetrahedral units [21, 28] . An alternative, very easy description is possible with Ru1@Sb 6 octahedra and slightly distorted Er@Ru2 6 Sb 6 cuboctahedra (Fig. 1) as building units. The octahedra show a bcc packing, and every octand of the cubic cell is filled with the cuboctahedra. The latter are condensed via all six trapezoidal faces. This substructure automatically leaves the octahedral antimony voids for the Ru1 atoms.
The Ru2 atoms show Ru2-Ru2 distances of 306 pm, distinctly longer than in hcp ruthenium (6 × 265 and 6 × 271 pm) [46] . These interactions are probably quite weak.
Magnetic properties
The antimonides RE 4 Ru 7 Sb 6 with RE = Dy-Lu have been obtained in X-ray-pure form and they were studied with respect to their magnetic properties. The rhodium-containing samples showed small amounts of the binary rare earth antimonides RESb as by-products. Therefore, no susceptibility studies of these samples were carried out.
The temperature dependence of the magnetic susceptibilities (χ and χ −1 data) of Dy 4 Ru 7 Sb 6 , Ho 4 Ru 7 Sb 6 , and Er 4 Ru 7 Sb 6 measured at an applied field of 10 kOe are displayed in Figs. 2a-4a (insets depict measurements of the respective compounds measured in zero-field-cooled/field-cooled mode (ZFC/FC) with an applied field of 100 Oe). The Dy and Ho compounds exhibit antiferromagnetic ordering at the Néel temperatures of T N = 10.1(5) and 5.1(5) K, respectively, clearly discernable from their χ data as well as the spin reorientation at very low temperatures. The antiferromagnetic ordering is also evident from the specific heat data. In case of the Er compound only the ZFC/FC measurement pointed Figs. 2b -4b show the magnetization isotherms of RE 4 Ru 7 Sb 6 (RE = Dy, Ho, Er, Tm) measured at 5, 15 and 50 K. As expected for paramagnetic materials, the isotherms show close to linear increase in magnetization with the applied field at 50 K. The isotherms of the Dy and Ho compounds at 5 K exhibit s-like curvatures due to spin reorientations at critical fields of 20 and 10 kOe, respectively. The other two compounds show a tendency of saturation at high fields in the form of a typical Brillouin function. At 5 K and the highest obtainable field of 80 kOe the magnetization values reached between 60 and 76 % of the theoretical values, a consequence of the polycrystalline character of our samples.
The inverse susceptibility of Yb 4 Ru 7 Sb 6 shows a weak curvature over the whole temperature range, similar to isotypic Yb 4 Rh 7 Sb 6 [22] . The data could be fitted in the temperature range of 30 -300 K with the modified Curie-Weiss law χ = χ 0 + (C/(T − θ P )), resulting in a magnetic moment µ eff = 3.71(1) µ B per Yb atom and a negative Weiss constant of θ P = −11.0(5) K. The experimental magnetic moment differs significantly from the data of the theoretical free ion, spin only, value of 4.54 µ B per Yb 3+ and points toward an intermediate valence state of ytterbium. This is also evident from the small magnetization value of 5.5(1) µ B per formula unit (fu) at 5 K and 80 kOe which is much smaller than the theoretical value of 16 µ B .
Lu 4 Ru 7 Sb 6 shows much smaller susceptibility values since the Lu 3+ cation with filled 4 f shell is diamagnetic. The absolute values at room temperature are compatible with Pauli paramagnetism. The increase of the susceptibility towards lower temperatures is due to minor amounts of paramagnetic impurities. Also the magnetization values are two orders of magnitude lower than those of the paramagnetic ones.
